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Arrhythmias

Atrial Fibrillation
The Most Common Arrhythmia

Atrial fibrillation is the most common sustained arrhythmia, increases with age, and pre-
sents with a wide spectrum of symptoms and severity. Paroxysmal, persistent, and per-
manent forms require very individualized approaches to management. New information
about electrical and anatomic remodeling emphasizes the importance of time-related
thrombogenicity and progressive interference with mechanical function of the atria and
ventricles. The most important aspect of diagnosis is risk stratification with respect to risk
of thromboembolism. The general goals in treatment are, in order of importance: preven-
tion of thromboemboli, control of ventricular response, restoration of sinus rhythm, and
maintenance of sinus rhythm by preventing recurrences. This review focuses on the
above issues. The therapeutic choices are discussed under each category. Antiarrhythmic
drugs, radiofrequency ablation techniques, and device therapy are reviewed with respect
to prevention of recurrent atrial fibrillation. (Tex Heart Inst J 2000;27:257-67)

uch has been learned in the last decade regarding the mechanisms that
underlie the initiation and perpetuation of atrial fibrillation. For nearly a
century, it has been known that atrial fibrillation exists in the presence of

various forms of heart disease in which stretching and scarring of the atrial myo-
cardium appear to promote, in some way, electrical disorganization of atrial depolar-
ization. It has also been recognized that atrial fibrillation occurs in individuals
without overt heart disease, but the mechanisms are only now becoming under-
stood. In such individuals, with “lone” atrial fibrillation, certain precursor arrhyth-
mias are sometimes found—especially macro-reentrant atrial flutter, focal atrial
tachycardias, and reentrant supraventricular tachycardias, such as atrioventricular
(A-V) nodal reentrant tachycardia and orthodromic reciprocating tachycardia.

Whether atrial fibrillation occurs in the presence or absence of structural heart
disease, it is now clear that atrial electrical and mechanical remodeling, as a conse-
quence of the arrhythmia, tend to perpetuate atrial fibrillation. This remodeling
process results primarily from the increase in atrial rate, but atrial ischemia, neuro-
humoral and autonomic factors, and atrial stretch can also contribute.1 The remod-
eling process can be followed in time by stages that reflect a series of membrane,
intracellular, and intercellular adaptations to increased rate, as recently described by
Allessie.2 Table I summarizes the sequence and probable mechanisms of these pro-
gressive changes, which, if not interrupted, can lead to permanent structural and
functional changes in the atria or the heart as a whole. It is probable that tachycar-
dia-induced cardiomyopathy occurs in this manner.

At the electrophysiologic level, the consequences of prolonged rapid atrial rate in-
clude a spatially heterogeneous shortening of atrial refractoriness, conduction delay,
loss of adaptation of refractoriness to rate, and a dispersion of atrial refractoriness.
These changes promote vulnerability to atrial fibrillation and favor maintenance of
multiple wavelets to perpetuate the arrhythmia. The underlying cellular events that
permit these changes include a progressive reduction in the density both of L-type
calcium (ICa) channels and of the transient outward potassium channels (Ito).3 Sodi-
um current (INa) is also reduced during atrial tachycardia, which leads to slowing of
intercellular conduction and to maladaptive functional conduction delay. 4 The con-
duction delay may be further impaired by a down-regulation of the gap-junction
proteins Connexin-40 and -43.5 The molecular changes that are thought to lead to
the above ionic dysfunction include transcriptional down-regulation of messenger-
RNA encoding for ICa, INa, and Ito channel proteins.6 , 7 Intracellular calcium overload
might be the signal that leads to atrial electrical remodeling. In experimental ani-
mals, the T-type calcium blocking drug mibefradil seems capable—by diminishing
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intracellular calcium load—of preventing electrical
and mechanical remodeling.8

We have a new understanding of the mechanisms
by which acutely and chronically increased atrial
rates adapt, and of the pharmacologic and electrical
methods that seem capable of arresting or reversing
the remodeling process. This gives us cause for hope
that clinically effective therapies will soon be devel-
oped, to prevent or control what is truly the most
common and troublesome arrhythmia of our time.

Classification of Atrial Fibrillation
The clinical manifestations of atrial fibrillation run
the gamut from a completely asymptomatic arrhyth-
mia discovered in the course of medical evaluation
for other reasons, through a sporadic arrhythmia
with minimal, troubling, disabling, or catastrophic
symptoms, to a chronic arrhythmia that also may
have minimal or disabling symptoms. Table II dis-
plays the clinical spectrum of atrial fibrillation.

A useful classification of atrial fibrillation into 3
varieties—paroxysmal, persistent, and permanent, 
as shown in Table III—helps to organize thinking
about the management of this highly variable ar-
rhythmia.

Implied in the above classification system is the
conclusion that therapy must be tailored to the indivi-
dual patient, in accordance with these factors: whether
the duration of the arrhythmia is short, medium,
long, or unknown; whether the patient is symptom-
atic; how severe the symptoms are; and whether res-
toration to sinus rhythm is known to be possible. In
all cases, of course, a decision must be made regarding
protection from thromboembolism, in light of cur-
rent data about the risk of stroke.

Diagnostic Goals

In a patient newly presenting with atrial fibrillation,
an early goal is to determine—by historical, phys-
ical, radiographic, and echocardiographic criteria—

if the patient has structural heart disease. The im-
portance of the echocardiogram should not be un-
derestimated, since many of the risk factors for
thromboembolism (Table IV) are revealed best by
echocardiography. The special role of transesophageal
echocardiography is discussed below under Reversion
to Sinus Rhythm.

It is also important to ask the patient about any
concurrent medical (such as pulmonary or endocri-
nologic) problems and about prescription or non-pre-
scription drugs currently taken, since some of these
may be pro-arrhythmic or may interact with medi-
cines that need to be introduced in management of
the fibrillation.

Therapeutic Goals

Stroke Prevention
The several controlled trials published in the latter
half of the 1990s attest to the importance of long-
term anticoagulation with adjusted-dose warfarin 
in the majority of patients with atrial fibrillation,
whether paroxysmal or permanent. The exceptions
are younger patients (<75 years) who have none of
the recognized risk factors for thromboembolism that
are listed in Table IV. Present recommendations are
summarized in Table V.

In a critical review of current data on embolic risk
and management, Blackshear and Safford9 have made
several important observations substantiated by cita-
tions in the literature:

• A large proportion (30% to 44%) of atrial fibrilla-
tion detected in the elderly is asymptomatic;

• Elderly patients with pacemakers have a very high
(48%) incidence of atrial fibrillation;

• Warfarin appears to be grossly under used, 
especially in the elderly who are not hospitalized 
or who are in nursing homes;

• Formal anticoagulation clinics, in comparison 
with “usual medical care,” reduce the risk of 
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Table I. Adaptation to Heart Rate2

Remodeling Time Window Mechanism

Short-term Metabolic Sec/min Ionic gradient fluxes
Ion pump activities
Phosphorylation of ion channels

Medium-term Electrical Hrs/days Altered gene expression
Altered protein synthesis
Altered channel assembly

Long-term Contractile Weeks Hibernation
Stunning

Very long-term Anatomical Months/yrs Irreversible structural damage
Fibrosis
Fatty degeneration
Atrial dilation



stroke, as well as hemorrhage, hospitalizations, 
and mortality;

• The guidelines for thromboembolic protection
should be the same for atrial flutter as for atrial
fibrillation;

• A pre-thrombotic state can be identified within 
12 hours of the onset of atrial fibrillation, and 
progressively in the first 24 hours, even in younger
patients with “lone” atrial fibrillation;

• Current practice is rapidly moving toward urgent
heparinization and transesophageal echocardiogra-
phy (TEE) in patients with recent onset (<3 days)
of atrial fibrillation; and

• Asymptomatic episodes may be up to 12 times
more common than symptomatic episodes, which
makes symptoms an unreliable marker of arrhyth-
mia suppression.

Control of Ventricular Response
The conventional use of digitalis for acute control of
ventricular rate in a patient presenting with atrial fib-
rillation and a rapid ventricular response has become
obsolete with the introduction of intravenous beta-
blockers, verapamil, and diltiazem.

For control of rate in long-standing atrial fibrilla-
tion, beta-blocking drugs are generally preferred over
digitalis and calcium-blocking drugs, especially in ac-
tive or young patients, because exercise usually over-
rides the dromotropic effects of the latter 2 drug
types. Digitalis is most useful in the patient with a
dilated heart, and calcium-blocking drugs are pre-
ferred over beta-blocking drugs in patients with
bronchoconstriction or serious cerebrovascular or pe-
ripheral vascular disease. Double or triple therapy is
sometimes needed.

When antiarrhythmic drugs are used (with the oc-
casional exception of amiodarone), AV nodal block-
ing drugs are generally used concomitantly to prevent
a rapid ventricular response, should the patient have
recurrent atrial fibrillation or atrial flutter.

In patients who present with atrial fibrillation and
very rapid pre-excited ventricular response via an ac-
cessory pathway (Wolff-Parkinson-White syndrome
WPW), the following drugs are contraindicated for

acute management: adenosine, verapamil, diltiazem,
and digitalis. Digitalis is also contraindicated in long-
term treatment of a WPW patient who is known to
have a short accessory pathway refractory period—or
whose refractory period is unknown. The means by
which these drugs accelerate ventricular response via
the accessory pathway (with a small but finite risk of
ventricular fibrillation) differs from drug to drug. 
In the case of intravenous adenosine, verapamil, and
diltiazem, the vasodilatory effects produce a reflex
sympathetic shortening of accessory pathway refrac-
toriness. It is unlikely that the AV nodal blocking ef-
fect of these drugs “enhances” accessory pathway
conduction as is popularly taught, since beta-block-
ing drugs (being vasoconstrictors) are without this
deleterious effect. In the case of digitalis, a direct
shortening of ventricular muscle refractoriness (pos-
sibly also of the accessory pathway itself) seems to be
responsible for accelerating the ventricular rate.

Reversion to Sinus Rhythm
Whether and when to restore sinus rhythm is a deci-
sion that should be based on the highly individual
circumstances of the particular patient, as expressed
in Table II. On the whole, early (even urgent) res-
toration of sinus rhythm is wise in patients who have
severe or catastrophic symptoms, significant hemo-
dynamic compromise, or a history of “persistent”
episodes (Table III). In most instances, early return
to sinus rhythm is desirable because thrombogenicity
and remodeling increase over time. When the ur-
gency is less, a delayed (conventional) approach to
conversion to sinus rhythm can be justified, provided
that adjusted-dose anticoagulation therapy is in
place. It has long been recognized that certain pa-
tients with “permanent” atrial fibrillation may be
managed best by permanent anticoagulation and
rate-controlling drugs alone, provided that the ar-
rhythmia is well tolerated subjectively.

Anticoagulation is the 1st requirement, regardless
of whether acute, late, or no conversion to sinus
rhythm is contemplated. In the acute situation, the
administration of intravenous heparin—or of subcu-
taneous enoxaparin or dalteparin in combination
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Table II. Clinical Spectrum of Atrial Fibrillation

Heart Disease Absent Present

Length of History Minutes Decades

Duration of Episodes Seconds Months

Symptoms None Nuisance Bothersome Disabling Catastrophic

Risk of Emboli Very Low Moderate High

Clinical Need for NSR Low Desirable Critical

NSR = normal sinus rhythm



with Coumadin or aspirin (or both)—are recom-
mended strategies, while a decision is being made
about the timing of conversion to sinus rhythm.
Restoration of sinus rhythm by any method, whether
electrical or pharmacologic, should be delayed until
the patient has been given the best possible protec-
tion from systemic embolism.

The convention of administrating full anticoagula-
tion for 4 weeks preceding pharmacologic or elec-
trical cardioversion should not be applied to every
patient. Transesophageal echocardiography, when
used in a patient not chronically anticoagulated, pro-
vides valuable information to the physician. Some 
of the risk-stratification variables (Table IV) are best
defined by TEE, especially left atrial thrombus,
“smoke,” appendage shortening and velocity, and
mobile atherosclerotic plaque in the ascending aorta.
If such risk factors are absent or minimal, electrical
cardioversion is now commonly performed immedi-
ately after TEE, under general anesthesia. The TEE is
repeated after cardioversion, in order to re-evaluate
left atrial function and pre-thrombotic risk factors.
While it is not yet proved that such an approach is

optimal in all or even in selected patients, several
prospective trials (SPAF-III, ACUTE, AFFIRM)10-14

are investigating the safety and efficacy of this more
aggressive approach.* Transesophageal echocardiog-
raphy will probably be economically feasible only
when it is not preceded by transthoracic echocardiog-
raphy. From a theoretical standpoint, of course, the
earlier the restoration of sinus rhythm, the less the
progress of thrombogenicity and remodeling.

Electrical cardioversion should always be performed
under brief general anesthesia, administered by com-
petent personnel in a well oxygenated patient who is
hemodynamically and medically stable, to the degree
possible.

Medical cardioversion with intravenous or oral an-
tiarrhythmic drugs has a lower acute success rate than
electrical cardioversion. Whether medical cardiover-
sion will be shown to be safer than electrical car-
dioversion is an interesting question. Theoretically,
the proarrhythmic effects of antiarrhythmic drugs
might be offset by less of a mechanical stunning ef-
fect on the atria. It is now well-established that the
class III drug ibutilide can effectively restore sinus
rhythm, especially in atrial fibrillation or flutter of
short duration (hours), with an acceptably low risk of
torsades de pointes in properly selected patients.15

Other oral regimens, such as high-dose propafenone,
quinidine, and flecainide, have been reported.16,17

From the foregoing, it is apparent that recurrence of
atrial fibrillation is the rule, regardless of causation.
The frequency of asymptomatic recurrences (e.g.,
during sleep) implies that anticoagulation, once start-
ed, will in general be permanent. It is the opinion of
this author that the common teaching to continue an-
ticoagulation for only 3 to 4 weeks after cardioversion
should be abandoned. In light of current data about
the ongoing risk of thromboembolism, it seems much
wiser to continue dose-adjusted Coumadin therapy
forever. Until data emerge on the safety and efficacy
of clopidogrel and other antiplatelet agents, it seems
that we are stuck with Coumadin.

Maintenance of Sinus Rhythm
In patients who are highly or even mildly sympto-
matic from recurrent atrial fibrillation, maintenance
therapy is important in order to relieve symptoms. In
theory, maintenance of sinus rhythm will prevent
both thromboembolism and electrical and structural
remodeling; this goal is laudable, but its efficacy has
not yet been proved. When the primary objective of
symptomatic relief is absent (in asymptomatic pa -
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Table III. Classification of Atrial Fibrillation

Paroxysmal Short, self-terminating episodes

Persistent Recurrent episodes requiring intervention for
restoration of sinus rhythm

Permanent No intervention restores sinus rhythm

Table IV. Identifiable Risk Factors for
Systemic Thromboembolism

• Clinical
• Age
• Hypertension
• Previous emboli
• Diabetes mellitus
• Heart failure
• Thyrotoxicosis
• Female sex
• Hypercoagulability
• Echocardiographic
• Increased left atrial size
• Left ventricular dysfunction
• Mitral annular calcification
• Left atrial thrombus (on TEE)
• Left atrial “smoke” (on TEE)
• Thrombus or smoke after cardioversion (on TEE)
• Poor left atrial appendage transport function after

cardioversion (on TEE)

Table V.  Antithrombotic Strategies

Age Risk Factors Recommendation
<75 Absent Warfarin or Aspirin

Present Warfarin (INR 2.0 to 3.0)

≥75 Absent or Present Warfarin (INR 2.0 to 3.0)

*SPAF = Stroke Prevention in Atrial Fibrillation; 
ACUTE = Assessment of Cardioversion Using Transesophageal
Echocardiography; AFFIRM = Atrial Fibrillation Follow-up 
Investigation of Rhythm Management



ization changes, and QT interval, and on the degree
of left ventricular (LV) dysfunction, if that is present.
Except for disopyramide, which is very good for 
patients with nocturnal or post-prandial atrial fibril-
lation, Class IA drugs are not generally used as 1st-
time drugs, given their propensity to proarrhythmic
and non-cardiac effects. Class IC drugs, especially 
flecainide, are useful in lone (idiopathic) atrial fibril-
lation and in uncomplicated left ventricular hypertro-
phy, but are contraindicated in the presence of known
or suspected coronary artery disease. In the latter case
or with mild cardiomyopathy, d-l sotalol might be
preferred. Since all of the antiarrhythmic drugs con-
sidered here are negatively inotropic except for amio-
darone, amiodarone becomes the only viable choice
for patients with significant left ventricular dysfunc-
tion or a history of heart failure.* On the other hand,
negative inotropic drugs (disopyramide, flecainide,
beta-blocking drugs) would be preferred in hyper-
trophic cardiomyopathy, especially with outflow ob-
struction.

It is the opinion of this author that antiarrhythmic
therapy should generally be initiated during telemetry
in the hospital, in order to detect early bradycardiac or
proarrhythmic effects and to monitor for excessive
ventricular response as the drugs are introduced. How-
ever, amiodarone frequently can be initiated among
outpatients, with appropriate biochemical, electrocar-
diographic, and clinical monitoring. In selected out-
patients without structural heart disease or sinus node
disease, flecainide and propafenone can sometimes be

tients with atrial fibrillation), it is not yet clear
whether maintenance of sinus rhythm will prevent
heart failure, emboli, or death. In patients with per-
sistent atrial fibrillation, an alternative strategy, still
under investigation, is the control of ventricular rate.
The ongoing AFFIRM14 and PIAF18 trials will pro-
vide answers to these very intriguing questions.*

After an initial episode of atrial fibrillation has re-
solved, either spontaneously (“paroxysmal” variety)
or by intervention (“persistent” variety), antiarrhyth-
mic drug therapy will generally be withheld until it is
known whether the patient has a recurrence. In the
case of recurrent episodes of atrial fibrillation, the
question of whether the benefits of antiarrhythmic
therapy outweigh the disadvantages becomes a mat-
ter of clinical judgment. Patients and physicians need
to understand at the outset that atrial fibrillation is
rarely eliminated. A good response to therapy might
include occasional recurrences, especially if these are
self-terminating. It is sometimes quite acceptable to
have the patient undergo electrical cardioversion once
or twice a year, if the maintenance drug therapy is
well tolerated. Any new therapy, including antiar-
rhythmic drugs, should be introduced with careful
attention to potential interaction with other drugs—
in this case, the prescribing physician should look at
the interactions of Coumadin, digitalis, and beta-
blocking and calcium-blocking drugs, together with
concomitant therapy that affects depolarization and
repolarization of the heart, absorption of drugs, 
activation or depression of the hepatic cytochrome
P-450 system, and the excretion of drugs and metab-
olites. Thus, in a patient with recurrent atrial fibrilla-
tion, the frequency and severity of recurrences in that
individual will determine whether a trade-off for cost
of therapy, proarrhythmic effects, extracardiac side-
effects, and drug interactions is a worthwhile ex-
change.

Most available antiarrhythmic drugs appear to have
approximately similar efficacy against atrial fibrilla-
tion, with flecainide and amiodarone possibly having
a slight edge in superiority. The choice of drug then
comes down to avoidance of unwanted side-effects,
considerations of ease in dosing, and, in most in-
stances, cost. Table VI shows a popular algorithm for
choice of 1st-line drug therapy for recurrent atrial
fibrillation, as outlined in a superb recent review by
Ganz and Antman.19

The above choices depend on the nature of the un-
derlying cardiac disease, if any, on the clinical presen-
tation of the atrial fibrillation according to its type
(parasympathetic vs sympathetic), on the presence of
left ventricular hypertrophy, QRS widening, repolar-

*PIAF = Pharmacological Intervention in Atrial Fibrillation

*In the U.S., use of amidarone for atrial fibrillation is an off-label
use. Dofetilide, recently approved in the U.S., may be less depres-
sive of left-ventricular dysfunction than standard drugs, as may
other drugs available outside the U.S.

Table VI. Choice of Antiarrhythmic Drug

Patient Group Suggested Drug

Lone atrial fibrillation Flecainide, Propafenone + AVNB

Vagally mediated A fib Disopyramide ± AVNB

Coronary artery disease Sotalol (d-l)

Left ventricular hypertrophy
with narrow QRS Flecainide, Propafenone + AVNB
with wide QRS, STA Sotalol (d-l)

Cardiomyopathy
mild-mod, without CHF Sotalol (d-l)
mod-severe, with CHF Amiodarone

After Ganz and Antman.19 ©1999 Kluwer Academic Publishers.
Reprinted by permission.

A fib = atrial fibrillation; AVNB = atrioventricular nodal blocking
drug; CHF = congestive heart failure; d-l = dextro-levo; 
STA = ST or T wave abnormalities
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initiated safely, provided that there is early follow-up
(3 to 10 days) and electrocardiographic and exercise
testing to monitor for exercise-related or use-depen-
dent proarrhythmic effects.

Ablative Therapy 
Directed at Atrial Fibrillation

Since 1990, radiofrequency ablation of a variety of
supra-ventricular tachycardias has become well-estab-
lished, even 1st-line therapy. During the surgical era
for WPW syndrome, it became apparent that trans-
section of the accessory pathway reduced or eliminat-
ed atrial fibrillation. It has been a clinical impression
that radiofrequency elimination of various supra-
ventricular tachycardias, including classical atrial
flutter, has also been followed by a reduction in epi-
sodes of atrial fibrillation.20 On the other hand, it is
not yet known whether ablation of specific pathways
might have a proarrhythmic effect in some patients,
perhaps promoting the development of atrial flutter
or atrial fibrillation at a later time.

In patients with paroxysmal or persistent atrial fib-
rillation who also have one of the amenable supra-
ventricular tachycardias or atrial flutter, it is most
reasonable to perform catheter ablation of the un-
derlying mechanism that predisposes to the arrhyth-
mia.

Ablation of 
Classical Atrial Flutter
Atrial flutter is generally a macro-reentrant atrial
tachycardia with a more-or-less continuous wave-
form on the electrocardiogram and is distinguished
from atrial fibrillation in that all 4 of the following
ECG features remain constant with respect to the
atrial activity: morphology, amplitude, polarity, and
rate. Atrial fibrillation should be diagnosed if 1 or
more of those features varies from moment to mo-
ment. Classical atrial flutter comprises 2 forms, both
of which are dependent upon the isthmus of tissue
between the tricuspid annulus and the lip of the infe-
rior vena cava or Eustacian ridge (i.e., the inferior
cavo-tricuspid isthmus or sub-Eustacian isthmus).
Isthmus-dependent classical flutter exists in a com-
mon counterclockwise (CCW) variety and a less
common clockwise (CW) variety. 21 The terminology
derives from the direction of rotation of the flutter
wavefront around the tricuspid valve as viewed in the
left-anterior-oblique projection of the heart. In the
CCW form, a rapid wavefront proceeds posterosupe-
riorly from the coronary sinus orifice over the atrial
septum and the posterior right atrial wall toward the
superior vena cava. The impulse then moves anterior-
ly over the superior end of the crista terminalis and
then anteroinferiorly over the trabeculated portion of

the right atrial free wall, as a slower wavefront. Upon
reaching the anterolateral low right atrium, the im-
pulse enters the cavo-tricuspid isthmus anterior to the
Eustachian valve that guards the inferior vena cava, to
reach the region of the coronary sinus orifice anterior
to the Eustachian ridge and thereby completes the cir-
cuit. Classical CW flutter follows the same circuit in
the opposite direction. The crista terminalis and the
Eustachian valve and ridge form an important ana-
tomic boundary that divides the anterior and posteri-
or limbs of the circuit on the basis of anisotropic
conduction and functional block.21

Ablation of the cavo-tricuspid isthmus22 is preceded
by definition of the essential role of the isthmus in
the reentrant circuit, which is accomplished by dis-
crete mapping of the area during atrial flutter and by
pacing in the isthmus to demonstrate transient en-
trainment of the flutter without atrial fusion. Pacing
during sinus rhythm at the low lateral right atrium es-
tablishes the counterclockwise activation of the isth-
mus and tricuspid annulus, whereas pacing at the
coronary sinus orifice establishes the clockwise activa-
tion of the same tissues. Pacing at the orifice is then
continued while the isthmus is ablated from the tri-
cuspid annulus to the inferior vena cava or to the Eu-
stachian ridge. Special attention is sometimes needed
along the inferior lip of the coronary sinus and on
other occasions at the lateral margin of the isthmus.
Partial block or progressive conduction delay across
the isthmus sometimes mimics isthmus block. Ele-
gant mapping systems are capable of demonstrating
conduction gaps in the line of block, enabling the
placement of discrete radiofrequency lesions to com-
plete the line of block.23 Various end points to the ab-
lation are shown in Table VII, in roughly increasing
order of reliability in predicting successful outcome
from the procedure.

In patients who have both atrial flutter and parox-
ysmal atrial fibrillation, it has been shown that elimi-
nation of atrial flutter can decrease the occurrence of
atrial fibrillation, especially if anti-fibrillatory drug
therapy is continued.24-26

Ablation of Atypical 
(Non-Classical) Atrial Flutter
Flutters that do not conform to the foregoing elec-
trocardiographic patterns are designated atypical flut-
ters. Although these can occur in the absence of
structural heart disease, they seem to be much more
prevalent in patients with congenital or acquired
heart diseases or in patients in whom previous abla-
tion procedures have been performed in the atria.
Circuits have been described crossing the crista termi-
nalis, circulating around atrial septal defects, around 
a septal defect patch, around atriotomy scars, and
around the pulmonary veins.
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ablation was reported to enhance the likelihood of
cure by both linear and focal left atrial lesions. By
adding lesions in the left atrium, Haïssaguerre and
colleagues36 improved the results from 53% after
right atrial ablation alone to an additional 70% in pa-
tients who failed right atrial linear ablations.

Ablations in the left atrium carry with them a sig-
nificant risk of systemic thromboembolism and other
complications of the trans-septal technique, such as
cardiac tamponade. Moreover, lesions delivered at
high power in the branching portions of the pulmon-
ary veins can be followed by stenosis of the pulmon-
ary vein, sometimes with clinical consequences.

Focal Ablation for Atrial Fibrillation
In 1996, the Bordeaux group reported that in the pa-
tients in whom right atrial linear lesions (including
isthmus lesions for atrial flutter) had failed to prevent
atrial fibrillation, focal electrical sources often were
found to initiate atrial fibrillation spontaneously. 36

These sites were most commonly found in the pul-
monary veins, especially the left upper and right
upper pulmonary veins. The depolarization of myo-
cardial fiber sleeves extending 2 to 4 cm into the 
proximal pulmonary veins37 is associated with slow
conduction of impulses toward the left atrial myo-
cardium, where atrial fibrillation is initiated. It has
been suggested that such foci might be the principal
cause of lone atrial fibrillation and that they play a
role in atrial fibrillation in some patients with heart
disease.38,39 Such patients may be identified by clini-
cal, electrocardiographic, and electrophysiologic fea-
tures, as shown in Tables VIII and IX, and detected by
ECG, ambulatory or trans-telephonic ECG, or exer-
cise testing. With multipolar catheters in 2 to 4 of the
pulmonary veins, the electrophysiologic features can
be defined.

The results of radiofrequency applications within
the proximal portions of 1 or more pulmonary veins
—alone or in combination with circumferential ap-
plications around part or all of the orifice of the 
relevant pulmonary vein—have been remarkably 
effective in the hands of the Bordeaux group38 and a
Taipei group.39 At North Texas Heart Center, we have
performed pulmonary vein ablations in 20 patients,
with prevention of atrial fibrillation in 15 patients,
suppression of arrhythmic symptoms with return to
antiarrhythmic drugs in an additional 3 patients, and
no benefit in 2 patients. The follow-up ranges from 1
to 28 months, as of January 2000.

The risks of ablation of pulmonary veins or the ad-
jacent left atrial wall include transient vagal effects,
systemic emboli, cardiac tamponade, and pulmonary
vein stenosis. The last complication can be mini-
mized by restricting ablation to the non-branching
portion of the pulmonary vein and by limiting power

Focal atrial tachycardias arising from a variety of
right and left atrial sites (below) also may occur at
rates that mimic atrial flutters (200 to 350 bpm).

Ablation of atypical atrial flutters obviously re-
quires a detailed understanding of the flutter mecha-
nism and a procedure that is designed to interrupt
the particular circuit or focus in the individual pa-
tient. The general principle in ablation of flutter cir-
cuits is to connect 2 anatomic obstacles straddling the
essential link by a line of block. This is at present an
area of development in both mapping techniques
and tools for ablation.27

Surgical Ablation of Atrial Fibrillation
The pioneering work of Cox and colleagues in map-
ping human atrial flutter and in developing a series
of “maze” operations to eliminate atrial fibrillation
has led to very impressive long-term cure of the ar-
rhythmia with substantial restoration of right and
(usually) left atrial transport function and the possi-
bility of discontinuation of anticoagulation in select-
ed patients with idiopathic, medically refractory
atrial fibrillation.28 Recently, Melo29 has reported a
high success rate in conversion of “permanent” atrial
fibrillation and maintenance of sinus rhythm in a
population of patients with rheumatic and other
forms of mitral valve disease, including patients with
very large atria. The surgical technique involves the
use of open radiofrequency oval lesions to surround
and isolate the pulmonary veins. These and other pi-
oneering surgical efforts 30 have promoted the devel-
opment of catheter techniques to achieve similar
goals.

Linear Atrial Lesions for Atrial Fibrillation
In experimental animals and in limited human stud-
ies to date, linear radiofrequency applications have
been used to suppress atrial fibrillation.31-36 Right 
atrial linear lesions were reported to eliminate atrial
fibrillation in patients with idiopathic atrial fibrilla-
tion,32-35 but follow-up in 1 study34 showed recurrence
of atrial fibrillation in 33% of patients after 21 ± 11
months and in another study35 showed recurrence in
63% of patients after 26 ± 5 months, despite re-treat-
ment with antiarrhythmic drugs. In the process of
these studies, patients demonstrated recurrences that
sometimes were based on left atrial circuits or point-
sources, which in turn became targets for additional
left atrial radiofrequency applications. Then, biatrial

Table VII. End Points in Ablation for Atrial Flutter

1) Interruption of atrial flutter

2) Non-inducibility of atrial flutter

3) Bidirectional isthmus block

4) Bidirectional isthmus block during isoproterenol infusion
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to 30 watts.* Pre-ablation and post-ablation imaging
of the pulmonary veins by contrast venography or
transesophageal echocardiography seems prudent.
End points for ablation of focal sources of atrial fib-
rillation can include the features shown in Table X,
whether in the pulmonary veins or at other sites in
the right or left atria.

It is clear that ablation techniques for atrial fibrilla-
tion are still in a state of evolution. It is appreciated
that many things need to be developed in the design
of ablation catheters and in steering of catheters, as
well as alternative forms of energy such as cryothera-
py, ultrasound, and microwave energy.

Ablation or Modification of
Atrioventricular Conduction
For nearly 20 years, interruption of A-V conduction
by high-energy shock and more recently by radiofre-
quency energy has been a procedure of last resort in
selected patients with persistent or permanent atrial
fibrillation in whom ventricular rate has not been
controllable by double or triple therapy with A-V
nodal blocking agents or amiodarone.40 Preservation
of an intact junctional escape rhythm can sometimes
be obtained by ablative lesions directed at the A-V
nodal approaches (“fast” and “slow” A-V nodal path-
ways), in contrast with targeting the bundle of His it-
self. Subsequently, there have been reports that
slowing A-V nodal conduction (increasing A-V nodal
refractoriness) by directing lesions at the inferior ap-

proaches to the A-V node have helped to control ven-
tricular rate.41,42

Many patients so treated, however, have needed
subsequent completion of ablation of A-V conduc-
tion to bring about successful rate control.

Because of a small incidence of sudden cardiac
death after A-V nodal ablation,41 it has been recom-
mended that the pacing rate be increased above stan-
dard VVI rates for several weeks to prevent QT-related
ventricular fibrillation. If dual-chambered pacemak-
ers are used after A-V nodal ablation (i.e., in those pa-
tients who have periods of sinus rhythm), care should
be taken to maintain regular rate by attention to pro-
gramming of mode-switching and rate-smoothing to
provide symptomatic relief at the times when atrial
fibrillation alternates with sinus rhythm.

Device Therapy for 
Prevention of Atrial Fibrillation

Pacemaker Therapy
Of the many exciting developments in the manage-
ment of atrial fibrillation, one of the most promising
is the present investigation of various pacing tech-
niques for the prevention of atrial fibrillation.

It has been recognized since 199342 that atrial pac-
ing (as opposed to ventricular pacing) may decrease
the frequency of recurrent atrial fibrillation in pa-
tients with sinus node disease. Theoretically, especial-
ly in patients with vagotonic atrial fibrillation, atrial
pacing can 1) suppress atrial premature beats, 2) alter
atrial refractoriness, 3) diminish dispersion of re-
fractoriness, 4) alter atrial activation sequence and 
5) change the electrical and mechanical behavior of 
atrial muscle that enables the development of atrial
fibrillation. The foregoing discussion of the patho-
physiology of atrial fibrillation emphasizes that the
longer atrial fibrillation is allowed to persist, the
shorter will be the intervals between recurrences and
the longer the durations of episodes.1-8,43 As we shall
see, pacing and defibrillation interventions seem to
be capable of partially reversing the remodeling pro-
cess.

In patients with atrial or dual-chambered pace-
makers for sinus node disease or A-V block, a con-
sistent trend toward a lower prevalence of atrial
fibrillation has been observed.42,44,45 In a prospective

*P. Jaïs. Personal communication (conversation), November 1998.

Table VIII. Clinical and Electrocardiographic Features of
Focally Initiated Atrial Fibrillation

• Recurrent paroxysmal atrial fibrillation

• Incessant, repetitive short bursts of atrial fibrillation

• High amplitude, fast, flutter-like atrial fibrillation

• Monomorphic atrial premature beats
• Short runs of repetitive atrial premature beats

• Blocked atrial premature beats

Table IX. Electrophysiologic Features of Focally Initiated
Atrial Fibrillation from the Pulmonary Veins

• Pulmonary vein shows terminal spike in normal sinus rhythm

• Pulmonary vein shows spike initiating atrial premature beats

• Reversal of far-field/local electrogram sequence at start of
atrial premature beat or atrial fibrillation

• “Q-wave” in local electrogram at site of initiation of atrial
premature beat or atrial fibrillation

• Centrifugal activation of nearby areas at onset of atrial
premature beat or atrial fibrillation

• Pacing in pulmonary vein initiates atrial fibrillation

• Radiofrequency application in pulmonary vein initiates atrial
fibrillation

Table X. End Points for Ablation of Atrial Foci

• Abolition of late spikes at site of origin
• Exit block from site during pacing
• Marked reduction of local electrogram amplitude
• Abolition of spontaneous atrial premature beats
• Abolition of spontaneous atrial fibrillation
• No recurrence of atrial premature beats or atrial fibrillation

during isoproterenol infusion
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the most pervasive and challenging arrhythmias that
remain. The special circumstances of the particular
patient require thoughtful decision-making in thera-
py. Available and future drugs, the use of ablation in
selected patients, and the appropriate use of sophisti-
cated pacing methods and perhaps atrial defibrillators
will change the face of this group of arrhythmias over
the next 5 to 20 years, as appropriate combinations of
these therapies emerge for application in different
clinical circumstances. Prevention of stroke remains
the most important clinical objective in patients with
atrial fibrillation; the results of many present trials of
alternative antithrombotic agents are eagerly awaited.
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